The assembly of basement membranes (BMs) into tissue-specific morphoregulatory structures requires non-core BM components. Work in Drosophila indicates a principal role of collagen-binding matricellular glycoprotein SPARC (Secreted Protein, Acidic, Rich in Cysteine)
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Disruption of the SPARC locus using CRISPR-Cas9 results in 2 nd instar larval lethality
We previously generated a SPARC deficiency line (Df(3R)nm136, H2Av::GFP) by Pelement excision which resulted in 1 st instar larval lethality in a homozygous state.
Complementation analyses were consistent with a second mutation site unrelated to SPARC, such that in the heterozygous state, lethality occurred at the 2 nd instar (Shahab et al., 2015) . To generate a mutant fly line specifically targeting SPARC, for further use, the CRISPR-Cas9 approach was used. Two SPARC protein-null fly lines, SPARC 1510B and SPARC 1510D were generated. Genomic analyses revealed that these SPARC protein-null lines contained identical 2795 bp deletions overlapping the 5'UTR of the SPARC locus and the 3'UTR of the adjacent RB97D gene (Fig. S1 ). Viability assays indicated that the greatest percentage of larval death occurred at 2 nd instar larvae for both SPARC 1510B (67.7% ±2.8) and SPARC 1510D (74.8% ±0.8) homozygotes, consistent with the lethality stage observed in Df(3R)nm136, H2Av::GFP homozygotes. Similarly, heterozygote larvae of SPARC 1510B /Df(3R)nm136, H2Av::GFP and SPARC 1510D /Df(3R)nm136, H2Av::GFP also exhibited 2 nd instar larval lethality, further validating that disruption of SPARC expression is responsible for this lethality.
The unexpected perturbation to the 3'UTR of Rb97D, which encodes for a ribonucleic protein, raises the possibility that this contributed to the larval lethality observed in the CRISPR mutant flies. To test for this, SPARC expression was restored in the SPARC mutants by crossing the mutants to flies containing a UAS-SPARC insertion (UAS-SPARC-16) under the control of the endogenous SPARC promoter (MIMIC SPARC-Gal4) to mimic the expression profile of SPARC in wild-type flies (Shahab et al., 2015) . Transgenic expression of UAS-SPARC-16 with SPARC-Gal4 rescued SPARC 1510B and SPARC 1510D mutants to adulthood. Driving the expression of UAS-SPARC-16 with Cg-Gal4, which induces expression of SPARC only in hemocytes and the fat body, also rescued both SPARC 1510B and SPARC 1510D homozygous mutants to adulthood, indicating that the deficit of SPARC leads to larval lethality. The SPARC 1510D mutant was used for all subsequent experiments.
We next verified the loss of SPARC protein in the SPARC 1510D mutant and whether it impacted the spatiotemporal distribution of Col(IV) during embryogenesis. As expected, SPARC was expressed by circulating hemocytes and concentrated in the BM of the developing gut and 9 VNC of wild-type embryos, but was absent in the SPARC 1510D mutant. Col(IV) protein distribution mirrored that of SPARC in wild-type embryos. As previously reported, loss of SPARC had no observable impact on the distribution of Col(IV) at this stage of development (Martinek et al., 2008; Shahab et al., 2015) (Fig. S2 ).
We then examined the distribution of Col(IV) at the 2 nd instar stage when larval lethality was observed in SPARC 1510D . Mutant larvae showed intense pericellular and intracellular accumulation of Col(IV) in fat body adipocytes compared to a less intense BM localization in wild-type larvae (Fig. 3C ).
Disrupting the collagen-binding capacity of SPARC dysregulates Col(IV) transport and assembly into BMs
The collagen-binding epitopes of SPARC mediate the association of SPARC to Col(IV), which is enhanced by the presence of the disulfide-bridged EF-hand2. We examined the impact of disrupting the capacity of SPARC to bind to Col(IV) by mutating the two collagen-binding epitopes (Sasaki et al., 1998) . In addition, we tested the contribution of EF-hand2 alone by removing the disulfide bridge, which is essential for the in vivo function of this EF-hand (Pottgiesser et al., 1994) .
To facilitate the visualization of the various SPARC constructs, we introduced a Cterminal HA-tag onto UAS-SPARC. This yielded a functional, non-degraded fusion product that was able to rescue the larval lethality in homozygous SPARC protein-null flies. Thus, UAS-SPARC::HA constructs were used in conjunction with our SPARC 1510D protein-null mutant to conduct structure-function studies.
Amino acids critical for the binding of collagen, Arg182 and Glu254 within the collagenbinding epitopes 1 and 2 were substituted with leucine, Arg 182 Leu , and alanine, Glu 254 Ala (UAS-SPARC mCBD ::HA), respectively ( Fig. 3A) . Previous studies have shown that these substitutions eliminate Col(IV) binding by SPARC (Sasaki et al., 1998) . To disrupt the disulfide bridge of EF-hand2, two cysteine residues were substituted with alanine, Cys 264 Ala and Cys 280 Ala (UAS-SPARC mDB ::HA) ( Fig. 3A) . We examined the impact of these mutations on larval lethality and on Col(IV) fat body distribution and incorporation into BMs.
Transgenic expression of UAS-SPARC mCBD ::HA; SPARC 1510D /SPARC-Gal4 did not rescue the larval lethality associated with the lack of SPARC ( Fig. 3B ), indicating the importance of Col(IV) binding by SPARC for survival. In contrast, transgenic expression of UAS-1 0 SPARC mDB ::HA; SPARC 1510D /SPARC-Gal4 fully rescued larval lethality, suggesting that the enhancement of Col(IV) binding is not essential for survival.
Immunofluorescence and scanning electron microscopy (SEM) were used to determine the impact of the mutations on Col(IV) dynamics and fat body morphology. SPARC and Col(IV) immunofluorescence staining showed substantial punctate colocalization within the cytoplasm and at cell borders of 2 nd instar wild-type larval adipocytes. Laminin staining was largely restricted to the edges of the fat body with little internal staining ( Fig. 3C) . In contrast to wildtype adipocytes (0.17 µm 3 ±0.02), SPARC protein-null larvae (SPARC 1510D /SPARC-Gal4) Col(IV) puncta were significantly larger and more variable in size (3.11 µm 3 ±0.30) with greater individual adipocyte cell border staining ( Fig. 3C-D ). Punctate laminin staining was observed throughout the cytoplasm of the adipocytes rather than being concentrated at the perimeter of the fat body. SEM photomicrographs of wild-type 2 nd instar fat body showed that the surface of the polygonal adipocytes were marked with fibrous-like structures with numerous unevenly distributed small pores ( Fig. 4A-A' ). In the absence of SPARC, fat body adipocytes had a rounded appearance with a fibrous-like ECM coating. The size of the pores was increased 3-fold (0.92 μm ±0.16 vs. 0.32 μm ±0.05) while their number decreased by half (212 pores per mm 2 ±44 vs. 417 pores per mm 2 ±24) ( Fig. 4J, 4K, Fig. S4 ). Knockdown of SPARC resulted in the surface of the fat body being punctuated with numerous pores that have elevated circumferential borders of varying size, which phenocopy the appearance of 3 rd instar fat body adipocytes associated with the knockdown of SPARC (Shahab et al., 2015) . In 2 nd instar fat body, knockdown of SPARC decreased the number of pores per unit area (236 pores per mm 2 ±41 vs. 417 pores per mm 2 ±24) and increased the size of pores (1.36μm ±0.21 vs. 0.32 μm ±0.05) 4H, 4J) .
In contrast to the accumulation of Col(IV) in SPARC protein-null larvae, overexpression of SPARC in a wild-type background resulted in a near absence of Col(IV) within the fat body.
Consistent with a previous study (Dai et al., 2017) , this loss of Col(IV) in the BM surrounding the fat body was observed in 3 rd instar larvae. In addition, individual adipocytes within the fat body were rounded and partially dissociated, as shown by SEM ( Fig. 4F-F') . Fat body adipocyte cell-cell adhesion is promoted by Col(IV) Intercellular Concentrations (CIVICs) (Dai et al., 2017) . However, our immunohistochemical analyses performed on early 2 nd instar wild-type larvae revealed that these CIVICs have not yet formed ( Fig. 3C ). Despite this, these cells have 1 1 assumed a polygonal morphology, which is observed in both 2 nd instar wild-type and SPARC overexpressed larvae ( Fig. 4A -A', 4E-E'). Immunohistochemical analyses of 3 rd instar larvae indicate that CIVICs were present in wild-type larvae but not in SPARC overexpressing larvae, suggesting these CIVICs are required for cell-cell adhesion at the 3 rd instar stage but not at 2 nd instar. Further SEM analyses of 3 rd instar larvae overexpressing SPARC revealed a fibrous-like matrix covering the fat body and extending between adjacent adipocytes, which was not observed in the wild-type fat body ( Fig. 4F') . This fibrous-like matrix is likely composed of laminin as perlecan has also been reported to decrease in the fat body of SPARC overexpressing Mutating the two collagen-binding epitopes of SPARC resulted in a loss of SPARC colocalization with Col(IV) in the BM. Similar to SPARC protein-null flies, mutation of these epitopes resulted in larval lethality at the 2 nd instar stage ( Fig. 3B ). Immunohistochemical analyses indicated that despite the loss of binding, SPARC and Col(IV) colocalized within punctate structures of variable size (2.56 µm 3 ±0.29 vs. 0.17 µm 3 ±0.02), indicating that this binding was not required for the intracellular colocalization ( Fig. 3D ). Importantly, colocalization was not observed extracellularly and Col(IV) was retained intracellularly, demonstrating that SPARC is required for Col(IV) secretion at this stage of development. This entrapment appears to be specific to Col(IV) as laminin did not localize to these large punctate structures. Col(IV) and laminin both appear to be present surrounding the fat body ( Fig. 3C ).
Ultrastructural analyses showed 2 nd instar SPARC mCBD ::HA have topographical features similar to 2 nd instar SPARC 16678 , but less pronounced. Some loss of cell-cell adhesion was observed with fewer randomly distributed pores relative to wild-type (243 pores per mm 2 ±19 vs. 417 pores per mm 2 ±24) The average pore size increased compared to wild-type (1.38 µm ±0.07 vs. 0.32 µm Removal of the disulfide bridge in EF-hand2 (SPARC mDB ::HA) had no impact on Drosophila survival. Moreover, SPARC mDB ::HA was able to rescue the larval lethality in a SPARC protein-null background. It was therefore anticipated that loss of the disulfide-bridged 1 2 EF-hand2 would have less of an impact on fat body morphology and BM homeostasis as compared to disrupting the collagen-binding epitopes. Immunohistochemical analyses of 2 nd instar larvae revealed that SPARC and Col(IV) colocalized and were mainly concentrated within the cytoplasm of adipocytes. Intracellular Col(IV) punctae were larger in size compared to wildtype larvae (0.17 µm 3 ±0.02 vs. 0.17 µm 3 ±0.02). Laminin immunostaining in wild-type 2 nd instar larvae was considerably more restricted to the edge of the fat body than SPARC and Col(IV) ( Fig. 3C ). Ultrastructural analyses revealed a striking difference in the surface topology of SPARC mDB ::HA 2 nd instar larval fat body adipocytes compared to wild-type. The BM of the adipocytes contained numerous variable-sized pores, which were similar in appearance to the knockdown of SPARC ( Fig. 4G -G', 4H-H'). Wild-type pores were on average 0.32 µm (±0.05) in diameter compared to an average pore size of 2.02 µm (±0.03) for SPARC mDB ::HA. Relative to wild-type (417 pores per mm 2 ±24), SPARC mDB ::HA fat body BM had fewer pores (187 pores per mm 2 ±5) ( Fig. 4J -K, Fig. S4 ). The surface topography of the BM for SPARC mDB ::HA 2 nd and 3 rd instar body adipocytes were similar in appearance. No significant differences were observed for the latter in the size or number of pores ( Fig. 4J -M, Fig. S4 ).
As homozygous SPARC mCBD ::HA is lethal at the 2 nd instar, SPARC mCBD ::HA larvae were rescued by crossing SPARC mCBD ::HA with the 3 rd chromosome SPARC-Gal4 driver line, which carries a functional copy of SPARC, to allow immunohistochemical analyses of the impact at the 3 rd instar. SPARC was concentrated at adipocyte cell borders of 3 rd instar fat body adipocytes in wild-type, SPARC mDB ::HA, and SPARC mCBD ::HA. Moreover, SPARC mCBD ::HA ; SPARC-Gal4 fat body adipocytes appeared smaller in size compared to wild-type ( Fig. 3E ). Under higher magnifications, SPARC and Col(IV) colocalization appeared less evident in SPARC mCBD ::HA ;
SPARC-Gal4 compared to wild-type and SPARC mDB ::HA, demonstrating haploinsufficiency for SPARC mCBD ::HA.
Wing imaginal disc-derived SPARC does not associate with BMs
A previous study found that disrupting fat body expression of SPARC resulted in an absence of Col(IV) within the BM of the wing imaginal disc (Pastor-Pareja and Xu, 2011).
Similarly, SPARC::HA driven by Cg-Gal4, a fat body driver, associated with the fat body BM and diffused to the wing imaginal disc BM (Fig. 5 ). These data support the model that SPARC functions as an intracellular and extracellular chaperone for Col(IV) (Chioran et al., 2017) .
Disruption of the collagen-binding epitopes in fat body-derived SPARC resulted in a marked 1 3 decrease in Col(IV) and a near absence of SPARC within the wing imaginal disc BM ( Fig. 5 ), providing additional support of a chaperone function for SPARC and highlighting the importance of the collagen-binding epitopes. Disruption of the disulfide bridge of EF-hand2 had little to no effect on the diffusion of SPARC and Col(IV) to the wing imaginal disc, indicating that the structural integrity of EF-hand2 is not critical for the chaperone-like activity.
Studies in mammals have demonstrated tissue-specific differences in the affinity of SPARC for Col(IV) (Kelm and Mann, 1991) . Since SPARC is produced by the wing imaginal disc in addition to the fat body (Flybase, http://flybase.org/reports/FBgn0026562), we examined whether SPARC derived from these two tissues differed in their colocalization with Col(IV) in 6D ). Given that fat body adipocytes are polyploid, whereas wing imaginal disc cells are diploid, the levels of SPARC generated by the en-Gal4 driver were markedly less than that by the Cg-Gal4 driver. The collective data indicate that, as in mammals, tissue-specific variants of SPARC that likely differ in their affinity for Col(IV) are expressed by Drosophila.
Discussion
Previous studies have demonstrated a Col(IV) chaperone-like activity of SPARC in invertebrate model organisms (Isabella and Horne-Badovinac, 2015b; Morrissey et al., 2016; 1 4 Shahab et al., 2015) . In this study, we used a hemocyte cell line to determine that SPARC and Col(IV) first colocalize in the trans-Golgi with little or no colocalization within the ER or cis-Golgi. We confirmed, using a CRISPR-Cas9 approach, that disruption of the SPARC locus results in larval lethality at the 2 nd instar. We found that mutating two key amino acids in the Col(IV)-binding epitopes resulted in a similar larval lethality, demonstrating that the interaction of SPARC and Col(IV) is essential for survival. While the disulfide-bridged EF-hand2 of SPARC is known to enhance the binding of Col(IV) by the collagen-binding epitopes, this enhancement is not required for survival. Our data further indicate that mutation of the collagenbinding epitopes results in intracellular retention of Col(IV) within fat body adipocytes and a lack of Col(IV) within distal tissue BMs. In contrast, disruption of the disulfide-bridged EF-hand2 resulted in less pronounced intracellular retention with minimal impact on the diffusion of Col(IV) to distal tissue BMs. These findings indicate that the larval lethality due to the loss of SPARC expression results from the absence of Col(IV) chaperone-like activity.
An HA-tag was selected to track SPARC produced by specific tissues rather than a direct fluorescence tag. Preliminary studies tagging SPARC at its C-terminus with mCherry (UAS-SPARC::mCherry) resulted in a non-functional fusion protein that was degraded in vivo.
Furthermore, while not degraded, UAS-SPARC::GFP was retained intracellularly and was therefore unable to rescue the loss of SPARC (Fig. S3B ).
The ability of SPARC to colocalize with Col(IV) in BMs is dependent on its tissue of origin. Fat body-derived SPARC concentrates within BMs at both proximal and distal sites, whereas SPARC produced by the wing imaginal disc fails to associate with the BM of either the wing imaginal disc or fat body, despite the fact that it is able to diffuse to the latter. Moreover, the same cDNA was used to express SPARC in the wing imaginal disc as was used to express SPARC in the fat body. Thus, the difference in the behaviour of the SPARC protein generated by these two tissue sites can be attributed to post-translational processing and does not reflect a protein isoform.
A likely possibility for this finding is a difference in N-glycosylation, which has been shown to impact the ability of mammalian SPARC to bind to a variety of collagens (Kaufmann et al., 2004; Kelm and Mann, 1991) . For example, bone-derived SPARC binds collagens whereas platelet-derived SPARC has no measurable binding to collagens, which has been attributed to their differences in N-glycosylation. We therefore postulate that wing imaginal disc-derived 1 5 SPARC generates a SPARC glycoform that is distinct from fat body-derived SPARC and is unable to bind to Col(IV). It is important to note that the use of en-Gal4 to drive SPARC expression from the wing imaginal disc results in markedly less protein expression than SPARC driven in the fat body by Cg-Gal4 due to the presence of diploid cells in the wing imaginal disc vs. polyploid cells in the fat body. However, despite this difference in expression levels, SPARC generated from the wing imaginal disc was not detected locally and only detected in the fat body, punctae. These Col(IV) punctae increased dramatically in size in the absence of SPARC. Small intracellular laminin punctae also became visible in the absence of SPARC; however, these did not colocalize with SPARC and were much smaller in diameter than Col(IV) and SPARC immunoreactive punctae. The intracellular accumulation of Col(IV) could be attributed to a lack of secretion or an increase in endocytosis. The latter does not appear to be the cause as both Col(IV) and SPARC mCBD ::HA are observed within these punctae. Since SPARC mCBD ::HA does not bind to Col(IV) and does not colocalize with BMs, simple entrapment during endocytosis is an unlikely cause of their colocalization in these punctae. An issue that remains to be addressed is the mechanism by which SPARC mCBD ::HA is able to colocalize with Col(IV) in intracellular punctae. It also remains to be resolved why Col(IV) is not concentrated in intracellular punctae in 3 rd instar fat body adipocytes with the disruption of SPARC. Immunostaining of 2 nd instar larval fat body suggests a greater level of Col(IV) and SPARC synthesis than in 3 rd instar larvae.
It is thus possible that the large intracellular Col(IV) and SPARC punctae observed in 2 nd instar, but not in 3 rd instar, are due to stage-specific differences in their level of synthesis.
Biochemical studies with mammalian SPARC have reported that the disulfide bridge in EF-hand2 augments the binding affinity of SPARC for Ca 2+ , which in turn enhances collagen binding (Pottgiesser et al., 1994) . Studies performed in vitro indicate that disruption of the disulfide bridge in EF-hand2 results in decreased SPARC protein secretion secondary to decreased SPARC protein production or stability (Pottgiesser et al., 1994) . In contrast to these findings, our in vivo data indicate that protein production and secretion is not diminished by the loss of the disulfide bridge. Interestingly, transgenic expression of SPARC mDB ::HA rescued SPARC protein-null flies to adulthood. While the fat bodies of 3 rd instar SPARC mDB ::HA larvae displayed fibrotic-like accumulation of BM components similar to those observed in the fat bodies of 2 nd instar SPARC mCBD ::HA or SPARC 1510D , the phenotype was less severe. As SPARC mCBD ::HA exhibits larval lethality, it can therefore be concluded that the severity of disruption to BM homeostasis is the underlying mechanism responsible for larval lethality.
Overexpression of SPARC results in the loss of 3 rd instar fat body CIVICs, resulting in decreased adipocyte cell-cell adhesion (Dai et al., 2017) . Our data indicate that CIVICs are first detected as larvae undergo their transition from 2 nd to 3 rd instar, coincident with the gradual 67fold increase in adipocyte size from early 2 nd to wandering 3 rd instar. Our ultrastructural data indicate that overexpressing SPARC led to minor changes in adipocyte morphology at 2 nd instar 
Materials and Methods
Generation of SPARC protein-null and mutant SPARC transgenic fly lines
Details on generation of the CRISPR-Cas9 SPARC protein-null fly lines are described in vector containing a UAS promoter and a C-terminus 3xHA tag. Expression vectors were injected into w 1118 , yw embryos for integration into the 2 nd chromosome attp16 locus by BestGene Inc.
(Chino Hills, California). Flies containing the construct of interest were selected for the y + marker (orange eyes) and were crossed with a double-balancer line (Bl/Cyo;TM2/TM6B) to establish the line.
Western blot analyses
Tissues were homogenized with a pestle in microcentrifuge tubes in lysis buffer (100 mM tris 4% SDS pH 6.8). Protein concentration was measured using a Pierce BCA Protein Assay Kit (Pierce, Rockford, IL). 5-20 µg of each sample were diluted in 2X Laemmli buffer (100mM Tris pH 6.8, 200mM DTT, 20% glycerol, 0.01% Bromophenol blue and 4% SDS), boiled for 5 min, loaded into a 4-20% SDS polyacrylamide gel. Electrophoresed proteins were transferred to PVDF membranes. Membranes were blocked in 5% skim milk in PBST (PBS, containing 0.1% Tween 20) for 1 hr at room temperate prior to incubation with their appropriate primary antibodies listed in Table S1 at 4°C overnight. Membranes were washed 3 times with PBST for 10 min. Membranes were then incubated with their appropriate peroxidase-conjugated secondary antibodies listed in Table S1 for 1 hr at room temperature. Membranes were exposed to chemiluminescent reagents (Santa Cruz Catalog #SC-2048) and visualized using BioRad Molecular Imager Gel Doc™ XR+ Imaging System.
Isolation of 2 nd and 3 rd instar fat body
Second and third instar larvae were placed in a dissecting well containing PBS. Forceps were used to pinch open the cuticle at the posterior end of the larvae. The anterior end was then held in place with forceps and the contents of the larvae were expelled from the cuticle by sliding the forceps in an anterior to posterior direction. Fat body from 3 rd instar larvae were then detached from other tissues. Due to the small size of 2 nd instar larvae, the fat body was not detached from other tissues prior to preparation for immunohistochemistry and SEM.
Immunohistochemistry 1 9
Tissue samples were fixed in 4% formaldehyde in PBS for 45 min. Samples were then washed 3 times 20 min in PBSTx (PBS, 0.1% Triton X-100), blocked with 5% Donkey serum for 30 min, and then incubated with primary antibody in Donkey serum at dilutions indicated in Table S1 overnight at 4°C. Tissues were washed and blocked again in Donkey serum for 1 hr.
Host-specific Alexa Fluor-conjugated secondary antibodies were added to the solution and incubated for an additional 2 hr. Tissue samples were washed 3 times in PBSTx before mounting on a slide coated with Vector shield mounting medium (Burlingame, California). All preparations were imaged by confocal microscopy (Leica TCS SP8 non-resonant) or spinning disc microscopy (Nikon Ti2 equipped with Yokogawa CSU-X1 head and Photometrics Myo CCD camera). Image analyses was performed using ImageJ software.
SPARC lethality assessment
To assess larval lethality, rescue analyses were performed by crossing specific SPARC mutant flies with SPARC protein-null mutant flies (SPARC 1510D ). Crosses were carried out in cages and fly embryos were laid on grape juice-supplemented agar plates. The stage at which larval lethality occurred was scored based on the size of the larvae mouth hooks and shape of their spiracles.
Measuring fat body adipocyte growth during larval development
The size of adipocytes was calculated using ImageJ by manually outlining the cell borders of adipocytes from early 2 nd and wandering 3 rd instar fat body images. Measurements were used to calculate the change in fat body adipocyte size. The average size of 2 nd and 3 rd instar fat body adipocytes were then compared to one another for statistical significance analysis using an unpaired t-test in GraphPad Prism ® .
Scanning electron microscopy (SEM)
Fat bodies from 2 nd and 3 rd instar larvae were dissected in PBS as described and were washed in 3% Glutaraldehyde, 0.1 M Sorensen's Phosphate Buffer at 4°C for 24 hrs. The fixative was removed by washing tissues 3 times 10 min in 0.1 M Sorensen's Phosphate Buffer.
Tissues were then fixed in 1% osmium tetroxide, 0.1 M Sorensen's Phosphate Buffer for 1.5 hrs and then washed 3 times for 10 min in 0.1 M Sorensen's Phosphate Buffer. The tissues were 2 0 dehydrated through an ascending ethanol series by incubating in 30-100% ethanol solutions for 10 min each and later infiltrated with an ethanol and hexamethyldisilizane (HMDS) series at ratio of 3:1, 1:1, 1:3 and 100% HMDS, all for 15 min each. Tissues were left to dry overnight in a depressed dish in 100% HMDS and later mounted on a specimen step. Samples were sputter coated with platinum using the Bal-Tec SCD050 and examined with a Hitachi S 2500 scanning electron microscope at 1700X and 3700X magnification. 
Statistical analyses for the pore sizes and number of pores
Fly stocks
All stocks and genotypes used in this study can be found in Table S2 . All crosses were carried out at 25°C in standard vials. Cells were counterstained with DAPI to mark chromatin. (B) S2 cells seeded on Con-A and stained with anti-SPARC, anti-Col(IV) and anti-calnexin 99A antibodies, the latter to mark the ER. The arrow denotes SPARC and calnexin 99A immunostaining overlaps in the region surrounding the nucleus. In contrast, no immunostaining is evident for Col(IV) within the ER (arrowhead). S2 cells seeded on human Col(IV) showed a similar pattern with SPARC colocalizing with calnexin 99A but not Col(IV). All images were taken at 63X objective. Scale bars represent 10 μm. An unpaired t-test was performed to determine significance. P<0.01 (**). All images were taken at 63X objective. Scale bars represent 10 μm. Fig. S1. Generation and characterization 1D) could not be complemented by the Df(3R)BSC524 allele and exhibited larval lethality primarily at 2 nd instar, indicative of a genetic alteration on the right arm of the third chromosome.
Supplementary Figures
(D) Larval lethality assay results for the two CRISPR-generated allele, referred to as SPARC 1510B
and SPARC 1510D . Whether in trans to Df(3R)nm136, H2Av::GFP or homozygous for the two CRISPR-generated alleles, all show larval lethality primarily at 2 nd instar. of the mean number of pores for each genotype at 2 nd (B) and 3 rd (C) instar. Graphical presentation of the mean pore diameter for each genotype at 2 nd (D) and 3 rd (E) instar in relation to the mean size of pores.
Table S1. List of antibodies used and their dilution and source. 
